observations, and that can, by extrapolation, reproduce the numbers of SMGs that are observed. This simulation achieves levels of realism that previous models lacked ( Fig. 1) , by using a 'zoom' technique, in which the authors resimulate a selected region at much higher spatial resolution than the whole simulated volume. They thus obtain an accurate representation of the galaxy-assembly process on sub galactic scales, while producing models that retain the full cosmological context. Furthermore, the high resolution enables the authors to develop a fully self-consistent description of galactic outflows driven by the supernova explosions of massive stars that eject copious quantities of gas into intergalactic space -a key aspect in regulating early galaxy growth. The authors use a newly developed code for radiative transfer to accurately predict the energy output of the SMG at submillimetre wavelengths. These crucial improvements in modelling lead to a deeper understanding of SMGs.
So what do the authors find? The key outcome of their simulation is a 'long-lived' SMG that can sustain star-formation rates of 500-1,000 solar masses per year for about 10 9 years, and which has a submillimetre luminosity that matches typical observations. Such a dem onstrably rapid growth in stellar mass results in SMGs that are among the most massive objects in the Universe at cosmic noon. This realization has two corollaries: first, the strong gravitational attraction of the sources causes numerous other galaxies to cluster around them, thus adding non-trivially to the system's total submillimetre luminosity. Second, galactic outflows cannot easily escape the intense gravitational pull of an SMG, but instead rain back down on the galaxy. This process provides additional fuel that enhances the star-formation rate. In a nutshell, the authors find that SMGs plausibly arise from a 'perfect storm' of high rates of gravitationally driven gas accretion, the recycling of previously ejected material, and contributions to the systems' submillimetre luminosity from nearby galaxies that cannot be well resolved observationally.
Narayanan and colleagues' results favour the smooth-accretion scenario over the merger-starburst hypothesis for the formation of SMGs, and provide key insights into this decade-old debate. This does not mean that galaxy mergers cannot create SMGs; they probably do. But the current work suggests that they are a minority of cases. What is particularly encouraging is that the authors did not tune the simulations so as to reproduce SMGs: rather, they simply used a state-of-the-art galaxy-formation model and ran it at the highest currently feasible numerical resolution -and a plausible SMG emerged.
Although this study is important, it is unlikely to be the final word on the formation of SMGs. Predicting the cosmic abundance of such galaxies from the simulation of a single object still requires uncertain extrapolations, and the authors' prescription for generating galactic outflows is not unique; other prescriptions may yield different results. These limitations notwithstanding, Narayanan et al. have presented the first impressively viable model of SMG formation, allowing us a tantalizing glimpse behind the mask of these behemoths of deep space. ■
Figure 1 | Simulation of a submillimetre galaxy (SMG). Narayanan et al.
2 simulate how the Universe's most luminous galaxies, which look extremely bright in the submillimetre part of the spectrum, may have formed when the Universe was 3 billion years old. This snapshot, taken from a supercomputer simulation, depicts the distribution of gas and light in a small region of the field: it contains a bright central galaxy (white) that is accreting gas along a filamentary structure (pink), a large spiral galaxy (left of centre), and numerous smaller galaxies that contribute to the total luminosity of the SMG. Ambient gas (blue-green), much of which was expelled by the galaxies at earlier epochs, gravitates towards the centre of the proto-SMG. This fuels the prodigious star-formation activity of the system, which is unlike anything seen in the present-day Universe.
EPIGENETICS

The karma of oil palms
Despite their clonal origin, some oil palm trees develop fruits that give almost no oil. It emerges that the number of methyl groups attached to a DNA region called Karma determines which plants are defective. See Letter p.533
propagation is a form of asexual reproduction that is routinely used for the commercial mass production of garden plants and trees, because it enables rapid multiplication of highly performing, genetically identical individuals. For certain species, vegetative propagation is hugely demanding and requires technically sophisticated aseptic cultures that produce large numbers of cloned embryos which can develop into plantlets. But a proportion of plants propagated in this way display developmental abnormalities caused either by genetic aberrations or by epigenetic changes, which stably alter the expression of genes without affecting the underlying DNA sequence 1 . On page 533 of this issue, Ong-Abdullah et al. 2 describe a culture-induced epigenetic defect in oil palms caused by specific losses in the number of methyl groups attached to a particular region of their DNA.
High-yielding varieties of oil palm, which are grown in East Asia, are propagated through tissue-culture techniques that regenerate plants from specific parts of the leaf. These clonal, genetically identical trees are supplied to plantations. Some, however, known as 'mantled' palms, develop abnormal flowers and yield much less oil. But young palms need several years of intensive care before they start to fruit, and it is only then that mantling can be detected. Because of the widespread use of palm oil for a variety of household, food and cosmetic products, the mantled defect is a serious economic problem. Therefore, the way in which this trait is inherited has been well studied. Mantled palms do not follow the Mendel ian rules of inheritance, suggesting that the defect is a result of epigenetic changes to gene expression rather than a straightforward gene mutation 3 . Unfortunately, epigenetic changes are more difficult to pinpoint than genetic lesions. Nonetheless, some promising clues to the cause of mantling have been gathered.
The flowers of mantled trees resemble those found in a mutated form of the model plant Arabidopsis. The gene that is defective in the mutant Arabidopsis encodes a factor essential for the formation of flower organs, and the corresponding gene in the oil palm has been identified as EgDEF1 (ref. 4) . In mantled flowers, the expression of EgDEF1 is reduced 5 . Such alterations in gene expression can be caused by DNA methylation, an epigenetic modification in which methyl groups become attached to DNA. Because the vegetative propagation of palms by tissue culture causes a general reduction in levels of DNA methylation 3 , the suppression of EgDEF1 expression is likely to be indirectly regulated by loss of DNA methylation. But the question of how this occurs remains.
Genes are surrounded by, and sometimes even peppered with, elements derived from ancient viruses that have invaded genomes over evolutionary time. Most of these elements became inactive and, accordingly, their DNA is heavily methylated. But the geneticist Barbara McClintock, who discovered these elements in maize (corn) more than 60 years ago 6 , found that they are sometimes expressed, and can even move to new chromosomal locations, where they can interfere with gene expression. McClintock believed that these transposable elements perform key regulatory functions within the host genome 7 . EgDEF1 contains two transposable elements that have been studied previously, but the levels of DNA methylation and the activity of these elements are not linked to mantling 5 . So the molecular mechanism causing mantling has remained a mystery -until now.
Ong-Abdullah et al. performed an unbiased genome-wide search for alterations in DNA methylation that were tightly linked to the mantled trait. Key to their experimental design was the analysis of four groups of palms that differed in their genetic make-upthis reduced the number of false positives and increased the accuracy of the authors' approach. These genome-wide analyses yet again pointed to the EgDEF1 gene, but this time methylation changes associated with mantling were detected in a fragment of the gene that had previously been overlooked. Ong-Abdullah and colleagues discovered that this fragment, which lies in a long nonprotein-coding region, contains a third transposable element, called Karma.
The researchers demonstrated that Karma's DNA remains methylated in healthy plants (a situation they dubbed Good Karma) but that methylation is reduced in mantled palms (Bad Karma). Remarkably, Karma encodes a 'splice acceptor' site -a sequence that directs splicing in the gene's RNA transcript. The authors report that the Karma splice site is used only when its methylation is reduced. Although the mechanisms underlying this specificity are not known, Ong-Abdullah et al. did show that mantled flowers produce an alternatively spliced EgDEF1 transcript that accumulates during flower development, and that may encode a truncated EgDEF1 protein (Fig. 1) .
Taken together, these data show that the loss of DNA methylation at Karma, and the subsequent Karma-mediated alternative splicing, are linked to the mantled trait. It is still not clear whether mantling is triggered by the production of truncated protein, by accumulation of an aberrant transcript spliced at Karma, by a reduction in EgDEF1 transcript levels or by a combination of all these factors. But whatever the exact role of Karma, we now know that it can be Good Karma, methylated and harmless, or Bad Karma, demethylated and associated with mantling.
Ong-Abdullah and colleagues' finding is likely to provide a way to detect economically worthless palms much earlier than was previously possible, enabling their timely replacement in plantations. This would be not only of obvious economic importance, but also of relevance to the environment. Oil-palm plantations take over the precious space of tropical forests and any increase in their productivity will contribute to the sustainability of palm-oil production.
The results also have other key implications. For instance, they show that well-planned and performed genome-wide methylation mapping can pinpoint precise spots in the genome of a non-model organism that are responsible for a trait of interest. This paves the way for similar studies that could shed light on the issue of 'missing' heritability 8 . 2 report that mantling is mediated by the number of methyl groups attached to the DNA of a transposable element called Karma within the gene EgDEF1. a, In healthy palms, Karma is heavily methylated (Good Karma). The element is inactive, and so full-length transcripts are producedthis includes every protein-coding sequence (coloured regions) of EgDEF1 and omits every non-coding sequence (black connecting lines), including Good Karma. b, A reduction in methylation leads to Bad Karma. This causes alternative splicing of EgDEF1 RNA to produce an extra transcript that ends at Karma, and reduces the number of full-length transcripts produced. The aberrant transcript might be translated to give a truncated protein, which may be responsible for mantling.
